To determine the impact of hypertension in liver regeneration, in rats by examining gain in liver mass and the replication of hepatocytes and stellate cells.
Introduction
All liver cells (hepatocytes, endothelial cells, stellate cells, ductal and Kupffer cells) proliferate to replace the loss of hepatic tissue. However, hepatocytes are the first to proliferate and most studies highlight these cells because they constitute about 90% of hepatic mass and 60% of total cells 1, 2 . The hepatocyte is an epithelial nature cell, stable, highly differentiated, which rarely divides 3 .
Hepatic stellate cells reside in perisinusoidal Disse space, which is coated by hepatic parenchymal cells and endothelial cells of the fenestrated waveform. After the injury of the liver stellate, quiescent cells are activated and are converted into myofibroblastlike contractile cells, which secrete soluble factors and hepatic matrix molecules 4 . Although there is some evidence to support the participation of stellate cells in liver regeneration 5 , there are few data available on the activation and morphology of these cells in the regenerating liver [6] [7] [8] . It is hitherto unclear whether stellate cells are indispensable for regeneration 9 or whether the products of activated stellate cells are needed to mitigate injury to the hepatocytes, enhance hepatocellular regeneration or both 4 .
Nevertheless, the involvement of stellate cells in the process is widely accepted 5 .
The study of liver regeneration and factors that may accelerate or retard this process are highly relevant, to the extent that several authors have attempted to find agents that somehow contribute toward accelerating the regeneration process 10 .
Some authors have reported that although the angiotensin converting enzyme (ACE) involved in the pathogenesis of hypertension inhibits liver regeneration, the mechanisms through which this occurs remain unknown 11, 12 . Increasingly, patients with comorbidities, including hypertension, are being submitted to surgery. It is necessary to recognize how and with what intensity factors intrinsic to the condition of each patient can influence regeneration and how growth factors can be used to improve liver regeneration.
The present study aims to investigate the impact of hypertension in liver regeneration after partial hepatectomy in rats by analyzing liver mass gain and replication of hepatocytes and stellate cells.
Methods
The research project from which this study originated was evaluated and approved by the Ethics Committee for Animal The sample was divided into two groups of 20 rats in order to constitute the control group (C) and experimental group (E). Under an anesthesia of 0.1 ml/100g body weight of a mixture of 1 ml of ketamine (50 mg) and 1 ml xylazine (20 mg), the animals were subjected to digital waxing of the ventral abdominal wall and antisepsis with polyvinylpyrrolidone-iodine.
The animals then underwent a laparotomy and induction of vascular renovascular hypertension using the technique of Goldblatt (two kidneys and a clip). For this we used a catheter with a one millimeter diameter to carry out the ligation of the left renal artery, followed by catheter removal. This procedure assured a decrease in arterial lumen without inducing ischemia of the kidney. After laparorrhaphy the animals were returned to their boxes where they were given water and food ad libitum until the date scheduled for hepatectomy. This method leads to hypertension as described in a previous study 13 . A week later, under new anesthesia, a new laparotomy was followed by partial hepatectomy, resection of the left lateral and median lobes. This hepatectomy is equivalent to a resection of approximately 67%
of the volume of viscera 14 . The resected segments were weighed and recorded in a protocol. The measurements were taken after 24 hours and again after seven days, when 10 animals in each group were euthanized. Thus subgroups C1, C2, E1 and E2 were obtained. The rats were weighed again before the autopsy, and then a new laparotomy was performed with total resection of the liver which was weighed and the value recorded in a protocol.
To measure the mass gain, the Kwon et al. 15 Other sections were incubated with monoclonal antibody Ki67, which labels proliferating cells. The inactive hepatocytes were counted in 10 microscopic fields adjacent to the portal spaces. The sections were also examined in randomly selected microscopic fields, an increase of 400 times. 
Results
One animal from the control group and one from the experiment died after the first laparotomy, two more from the control group and one from the experiment group died immediately after hepatectomy, and two from the experimental group died during the second laparotomy. Thus, 17 animals from the control group and 16 from the experiment group were analyzed.
The different groups (C1, C2, E1, E2) were compared for a liver mass gain using Student's t test. Initially C1 and E1 were compared, corresponding to animals undergoing evaluation and euthanasia in 24 hours after partial hepatectomy. In this case, the t-test with non-homogeneous variances was more appropriate in the data analysis. Both tests showed no significance (p=0.4369) for these groups of animals. In groups C2 and E2, which corresponded to the animals euthanized seven days after partial hepatectomy, we observed that the animals in the control group (C2) had a higher liver mass gain than the experimental group (E2) (p=0.0051) (Figure 1 ). There was no significant difference in the stellate cell counts after 24 hours (p=0.4366) and seven days (p=1.0) ( Table   1 and Figure 2 ). In relation to the counting of hepatocytes labeled with Ki67, there was no significant difference between the groups after 24 hours (C1 and E1, p=1.0). In the groups evaluated seven days after partial hepatectomy, a greater number of cells labeled with Ki67 was observed in the control group (p=0.0014) ( Table 2 and Figure 3 ). 
Discussion
It was observed that the animals with induced renovascular hypertension had impaired liver regeneration. The gain in liver mass and replication of hepatocytes were higher in the control group compared to the experimental group, after seven days of partial hepatectomy but not after 24 hours of intervention.
These observations are in agreement with Ramalho et al. 11 and
Yayama et al. 12 who showed that, although the mechanisms were unknown, the ACE inhibits liver regeneration. The results of this study may suggest, as did Ramalho et al. 11 , that the use of blockers of ACE would be capable of promoting liver regeneration. The fact that hypertension altered hepatic regeneration only later in the study can be explained by Koh et al. 17 18 , inhibitors of angiotensin converting enzyme may be more favorable in relation to antifibrotic therapy due to liver regeneration, and preventing the simultaneous production of angiotensin-2, degradation of bradykinin and induction of production of angiotensin 1-7. Although the change in the replication of stellate cells was not observed in our study, the authors suggest that angiotensin-2, involved in the pathogenesis of hypertension, can increase the activity of stellate cells, leading to a stimulus for the replication of hepatocytes with consequent stimulation of liver regeneration.
In the process of liver regeneration, hepatic stellate cells proliferate, reaching a peak 48 hours after partial hepatectomy.
As a result, the relationship between stellate cells and endothelial cells is at its greatest 72 hours after partial hepatectomy, allowing greater interaction between these two cell types in a critical period of neovascularization during regeneration after partial hepatectomy. It is likely that this relationship can facilitate the process of vascularization through the exchange of growth factors, the matrix and chemotaxis
5
. .
Conclusion
The renovascular hypertension in this experiment did not influence stellate cells, but led to a delay in liver mass gain seven days after partial hepatectomy and proved to be a factor that reduced the replication of hepatocytes, not earlier, but later.
